The effect of dietary fi ber source on molecular weight (MW) distribution of soluble fi ber fractions and short chain fatty acids (SCFA) in ileal digesta of 7 post valve T-cecum (PVTC) cannulated growing pigs was studied. Pigs were fed semisynthetic diets with sugar beet (Beta vulgaris) pulp (SBP) or chicory (Cichorium intybus) forage (CFO) as fi ber sources of which the soluble nonstarch polysaccharide (NSP) fraction originated mainly from pectin. Three MW intervals were selected-large MW (MWL): 10,000,000 to 1,000,000 g/mol, medium MW (MWM): 1,000,000 to 200,000 g/mol, and small MW (MWS): 200,000 to 10,000 g/mol-and the relative distribution (% of total) of molecules in each interval was calculated. The MWM fraction was higher (P < 0.05) in ileal digesta of pigs fed diet SBP and the MWS fraction was higher (P < 0.05) in ileal digesta of pigs fed diet CFO. The mole/100 mole of propionic acid (HPr) was higher (P < 0.010) in pigs fed diet SBP whereas pigs fed diet CFO had higher (P < 0.010) mole/100 mole of acetic acid (HAc). The proportion of the MWL and MWM fractions in ileal digesta were negatively correlated to HAc (r = -0.52, P = 0.05, and r = -0.62, P = 0.02, respectively). The proportion of MWM in ileal digesta was positively correlated to HPr (r = 0.83; P = 0.001) whereas MWS and HPr were negatively correlated (r = -0.76; P = 0.002). In conclusion, the bacterial degradation of the soluble NSP fraction is selective and MW distribution may explain differences in SCFA production.
INTRODUCTION
In dicotyledonous plants, such as legumes, beets, and herbs, cell wall polysaccharides contain high levels of pectins (van Laar et al., 2000) . Pectins are complex polymers that differ in galacturonic acid content, neutral sugar content, glycosidic linkage composition, degree of methyl esterifi cation and acetlyation, amide content, and molecular weight (MW) (Voragen et al., 2001 ). These differences in molecular structure impact several physicochemical properties such as solubility and viscosity of digesta (Eastwood and Morris, 1992) . The structure of soluble nonstarch polysaccharide (NSP) plays a major role in the impact of NSP on postweaning enteric diseases (Bach Knudsen et al., 2012) . Structures that increase digesta viscosity likely increase susceptibility: doubling the MW or concentration increases viscosity 10-fold (Eastwood and Morris, 1992) . Consequently, large molecules contribute most to increased digesta viscosity. The objectives were to (i) evaluate the MW distribution of soluble NSP fractions in diet and digesta from pigs fed 2 diets rich in pectins, namely chicory forage (CFO) and sugar beet pulp (SBP), (ii) evaluate the effect of these diets on production of short chain fatty acids (SCFA) in ileal digesta, and (ii) correlate MW distribution and SCFA production. We hypothesized that diet SBP has a higher proportion of large molecules that do not affect production of SCFA.
MATERIALS AND METHODS
The experiment was carried out at the Swedish University of Agricultural Sciences in Uppsala and was approved by the ethical committee of the Uppsala region. Seven castrated male Yorkshire pigs with an initial BW of 24.8 kg (SD = 3.0 kg) and a fi nal BW of 94.4 kg (SD = 7.5) were fi tted with a post valve T-cecum (PVTC) cannula as described by van Leeuwen et al. (1991) at a BW of 22.8 kg (SD = 0.79). The experiment was performed as a changeover experiment with 7 pigs, 4 diets, and 4 periods. Four pigs were randomly allocated to 4 diets, and 3 pigs were considered as replicates. Each experimental period lasted for 14 d. Two pectinrich diets, CFO and SBP, and 2 arabinoxylan-rich diets, wheat (Triticum aestivum) bran (WB) and grass meal (GM), were formulated. Because of a very low content of soluble NSP in the WB and GM diet, these were excluded from the MW distribution analysis. The CFO and SBP diets were balanced to have similar NSP content and contained 99.4 and 94.1 g/kg DM, respectively, of which 21.8 g/kg for CFO and 16.7 g/kg for SBP were soluble. The basal diet was composed of 667.5 g/kg maize (Zea mays) starch, 175 g/kg casein, 50 g/kg sugar, 50 g/kg cellulose, 30 g/kg soybean (Glycine max) oil, and 27.5 g/ kg vitamin-mineral premix. Diet CFO was composed of 85% basal diet and 15% chicory forage harvested in July 2008. Diet SBP was composed of 93% basal diet and 7% SBP (Nordic Sugars A/S, Copenhagen, Denmark). Pigs were fed diets as meal mixed with water (1:2 w/w) twice a day with equal portions at 0800 and 1600 h. The daily feed allowance was 4% of BW until the pigs reached 60 kg and was thereafter fi xed at 2.4 kg per day. Ileal digesta samples were collected from PVTC cannulas 4 times 1 h daily on days 12 and 14 of experimental periods as described by Högberg and Lindberg (2004) . The samples were pooled for each pig and period and immediately frozen at -20°C.
The chemical composition of diets was analyzed as described by Ivarsson et al. (2012) . The SCFA in ileal digesta were analyzed as described by Högberg and Lindberg (2004) . The MW distribution was analyzed for the soluble NSP fraction from freeze-dried diet and digesta samples (Ivarsson, 2012) . Briefl y, to obtain the soluble NSP fraction, the fi rst steps of the modifi ed Uppsala method (Bach Knudsen, 1997) were followed. Thereafter, the supernatant was collected, pH was adjusted, and samples were treated with pancreatin before freeze-drying. Freeze-dried samples were dissolved, centrifuged, and fi ltered through a 0.45-μm fi lter. An aliquot (75 μL) was injected to a high-performance sizeexclusion system with 3 serially connected columns kept at 35°C. Detectors were refractive index and multipleangle laser light scattering. Data for MW determinations were analyzed using ASTRA software based on a dn:dc of 0.147. The angular fi t was based on the Debye procedure. Three MW intervals were selected: large MW (MWL): 1,000,000 to 10,000,000 g/mol; medium MW (MWM): 200,000 to 1,000,000 g/mol, and small MW (MWS): 10,000 to 200,000 g/mol. The relative distribution of molecules in each category was calculated. The statistical analysis was performed with the Mixed procedure in SAS (SAS Institute, Cary, NC; version 9.1). The model included diet and period as fi xed factors and pig as random factor. Pearson correlations were used to correlate the amount, proportion of organic acids and MW distribution. The P-values <0.05 were considered signifi cant.
RESULTS
The mole/100 mole of propionic acid (HPr) was higher (P < 0.010) and the mole/100 mole of butyric acid tended to be higher (P = 0.055) in pigs fed diet SBP whereas pigs fed diet CFO had higher (P < 0.010) mole/100 mole acetic acid (HAc; Table 1 ). The proportion of MWM was higher (P < 0.010) in digesta of pigs fed diet SBP whereas the MWS was higher (P < 0.010) in pigs fed diet CFO (Table 1 ). The MWL and MWM fractions in ileal digesta were negatively correlated to HAc (r = -0.52, P = 0.05 and r = -0.62, P = 0.02, respectively). The proportion of MWM in ileal digesta was positively correlated to HPr (r = 0.83; P = 0.001) whereas MWS and HPr were negatively correlated (r = -0.76; P = 0.002).
DISCUSSION
The MW distribution of soluble NSP differed between diets. However, in contrast with our hypothesis, the MWL fraction in ileal digesta did not differ between pigs fed diet SBP and CFO in the present study. Therefore, the 2 diets were not expected to differentially affect ileal digesta viscosity. Although MWL did not differ in digesta, degradation patterns between diets differed. Relative to the diet, the MWL fraction increased in ileal digesta in pigs fed diet CFO whereas it decreased in pigs fed diet SBP. The proportion of MWM fraction decreased in digesta on both diets, with the largest decline on diet CFO. The MWS fraction increased similarly in ileal digesta on both diets. Diets rich in pectin gave inconsistent results in SCFA production. Feeding the pectin-rich CFO diet resulted in a high HAc, similar to Englyst et al. (1987) . However, feeding the pectin-rich SBP diet instead decreased HAc and increased HPr, similar to Wang et al. (2004) . Interestingly, the difference in SCFA was correlated to the MW distribution, which indicates that the bacterial degradation of the soluble NSP fraction of pectinrich fi ber sources is selective and dependent on the intramolecular structure of pectin.
